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Porous nano material polymer composite 

Field of the invention 
[0001] 

The invention relates to a porous nano material polymer 
composite and manufacturing methods of the same. 
Background of the invention 
[0002] 

Research and development of hybrid materials comprising polymer 
and various inorganic materials has long been underway. The 
materials developed so far were manufactured by mixing base 
polymer and inorganic materials. Therefore, the resulting 
material has a structure in which the inorganic material is 
scattered in the base polymer as a matrix, or a structure in 
which the islets of the inorganic material are mixed in the base 
polymer in macro order (or semi micro order) . Therefore, the 
physical properties of the resulting hybrid are little 
different from those of the base polymer. 
[0003] 

Recently, hybrid materials are widely used in various fields, 

and development of novel material having remarkably novel 

physical properties is expected. Unfortunately, any of 

existing hybrid materials cannot satisfy these needs. 

Summary of the invention 

Problems to be solved by the invention 

[0004] 

The purpose of the invention is to provide a polymer composite 
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of novel polymer/nano silica hybrid material using a porous 
inorganic nano material and organic polymer, wherein the 
polymer composite has a structure in which polymer penetrates 
into the nano pores of the nano material to form a network 
structure . 

Means for solving the problems 
[0005] 

In order to satisfy expectations as above, the inventor devoted 
himself to the research and development of a hybrid material 
having a novel structure with novel functions that would be 
useful in a variety of technical fields. As a result, the 
inventor found that a polymer composite having a network 
structure can be manufactured in which polymer penetrates into 
the nano pores. The invention was completed based on this 
finding . 
[0006] 

That is, the invention is a novel polymer/nano silica hybrid 
material using a porous inorganic nano material and organic 
polymer, wherein the polymer composite nano material has a 
structure in which polymer penetrates into the nano pores of 
the nano material to form a network. 
[0007] 

Another aspect of the invention is a hybrid material wherein 
the porous inorganic nano material is nano silica, and the 
polymer is polymethyl methacrylate (PMMA) , and wherein the 
hybrid material has high clarity , high heat resistance, and high 
hardness . 
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[0008] 

Another aspect of the invention is manufacturing methods of the 
hybrid material as above, wherein the method comprises 
impregnating monomer in holes in nanometer order of the nano 
inorganic material in supercritical carbon dioxide fluid, and 
polymerizing the monomer in situ . By this manufacturing method, 
a polymer composite nano material having a novel structure in 
which a variety of polymers penetrate into the nano pores of 
a variety of inorganic nano materials to form a network 
structure can be obtained. 
Advantage of the invention 
[0009] 

The manufacturing method of the polymer/nano silica hybrid 
material according to the invention comprises impregnating 
monomer in nanometer order holes of the nano material in 
supercritical carbon dioxide fluid, and polymerizing the 
monomer in situ. Therefore, the resulting hybrid material has 
a novel structure in which the polymer penetrates into the nano 
pores of the inorganic nano material to form a network 
structure . 
[0010] 

Therefore, the hybrid material according to the invention 
features excellent properties (for example, when PMMA as 
polymer and nano silica are used, a hybrid material having high 
clarity, high heat resistance, and high hardness can be 
obtained) . 

Brief description of the drawings 
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[0011] 

Fig. 1 is a graph which shows molecular weight (Mn) , molecular 
weight distribution (Mw/Mn) , yield (%) , nano silica content 
(observed content and calculated content wt%) , and TG 
measurement curve of PMMA manufactured without nano silica 
under experiment conditions used in embodiment 1, and that of 
the hybrids containing nano silica 5 wt% manufactured according 
to embodiments 1 and 3 (1), respectively. 

Fig. 2 is a graph which shows molecular weight (Mn) , molecular 
weight distribution (Mw/Mn), yield (%) , nano silica content 
(observed content and calculated content wt%), and DMA 
measurement curve of PMMA manufactured without nano silica 
under experiment conditions used in embodiment 1, and that of 
the hybrids containing nano silica 5 wt% manufactured according 
to embodiments 1 and 3 (1), respectively. 

Fig. 3 is a graph which shows molecular weight (Mn) , molecular 
weight distribution (Mw/Mn), yield (%) , nano silica content 
(observed content and calculated content wt%) , and TG 
measurement curve of PMMA manufactured without nano silica 
under experiment conditions used in embodiment 1, and that of 
hybrids containing nano silica 5 wt% manufactured according to 
embodiments 2, 3 (2), and 4, respectively. 

Fig. 4 is a graph which shows molecular weight (Mn) , molecular 
weight distribution (Mw/Mn), yield (%) , nano silica content 
(observed content and calculated content wt%) , and DMA 
measurement curve of PMMA manufactured without nano silica 
under experiment conditions used in embodiment 1, and that of 
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hybrids containing nano silica 5 wt% manufactured according to 
embodiments 2, 3 (2), and 4, respectively. 

Fig. 5 is a graph which shows molecular weight (Mn) , molecular 
weight distribution (Mw/Mn) , yield (%) , nano silica content 
(observed content and calculated content wt%) , and DMA 
measurement curve of PMMA manufactured without nano silica 
under experiment conditions used in embodiment 1, and that of 
hybrids containing nano silica 5 wt% manufactured according to 
embodiments 2, 3 (2) , and 4, respectively. 

Fig. 6 is a graph which shows molecular weight (Mn) , molecular 
weight distribution (Mw/Mn), yield (%) , nano silica content 
(observed content and calculated content wt%), and TG 
measurement curve of PMMA manufactured without nano silica 
under experiment conditions used in embodiment 5, and that of 
hybrids containing nano silica 50 wt% manufactured according 
to embodiments 5 and 7 (2), respectively. 

Fig. 7 is a graph which shows molecular weight (Mn) , molecular 
weight distribution (Mw/Mn), yield (%) , nano silica content 
(observed content and calculated content wt%) , and DMA 
measurement curve of PMMA manufactured without nano silica 
under experiment conditions used in embodiment 5, and that of 
hybrids containing nano silica 50 wt% manufactured according 
to embodiments 5 and 7 (2), respectively. 

Fig. 8 is a graph which shows molecular weight (Mn) , molecular 
weight distribution (Mw/Mn), yield (%) , nano silica content 
(observed content and calculated content wt%) , and TG 
measurement curve of PMMA manufactured without nano silica 
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under experiment conditions used in embodiment 5, and that of 
hybrids containing nano silica 10 wt% manufactured according 
to embodiments 6, 7 (1) and 8, respectively. 

Fig. 9 is a graph which shows molecular weight (Mn) , molecular 
weight distribution (Mw/Mn) , yield (%) , nano silica content 
(observed content and calculated content wt%) , and DMA 
measurement curve of PMMA manufactured without nano silica 
under experiment conditions used in embodiment 5, and that of 
hybrids containing nano silica 10 wt% manufactured according 
to embodiments 6, 7 (1) and 8, respectively. 
Detailed description of the invention 
[0012] 

Porous nano material polymer composite 

The porous nano material polymer composite according to the 
invention is characterized in that the polymerized polymer 
molecules penetrate into and adjacent to the nanometer order 
holes of the nano inorganic material to form a network structure 
The structure ( hereinafter referred to as "the microst ructure" ) 
could have been theoretically assumed, but could not have been 
manufactured by any existing methods. Therefore, the 
structure has not been known in the art. The microst ructure 
is significantly different from any of conventional 
microstructures that are manufactured by mixing polymer and 
nano materials. The difference will be demonstrated in the 
following description of the exemplary embodiments, that is, 
the microstructure according to the invention shows a 
thermodynamic behavior substantially different from mere 
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mixture of same polymer content (molecular weight and molecular 
weight distribution) and nano silica material content. 
[0013] 

There is no particular restriction on the porous nano material 
used in this invention provided that it has holes (pore) in nano 
order. A various materials are known to have such structure, 
including nano silica, nano alumina, carbon nanotube, and 
fullerene. The porous nano material can be selected depending 
on the matrix polymer to be used in combination, and required 
physical properties. When the polymer is PMMA, nano silica is 
preferably used. There is no particular restriction on the 
amount of the inorganic porous nano material. The amount can 
be determined depending on the matrix polymer to be used in 
combination, and required physical properties. When the 
polymer is PMMA, the content can be 0 to 90 wt% (preferably 5 
to 50 wt%) . 
[0014] 

There is no particular restriction on the polymer used in this 
invention provided that the monomer thereof can be impregnated 
in the nano order holes (pores) of the above mentioned inorganic 
porous nano material in the supercritical fluid. A variety of 
monomers are known to have such property, including 
methacrylate, vinyl, andacrylate. The polymer can be selected 
depending on the inorganic porous nano material to be used in 
combination, and required physical properties. When the 
polymer is PMMA, nano silica is preferably used. It is also 
possible to use an appropriate combination of several monomers . 
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The polymer can be selected depending on required physical 
properties. When the polymer is PMMA, the content can be 0 to 
90 wt% (preferably 5 to 50 wt%) . 
[0015] 

The physical property values and the structure of the hybrid 
material according to the invention can be evaluated using a 
variety of measurement methods well known in the art (e.g., 
thermometric analyzer, dynamic mechanical analyzer, electron 
microscope) . Also, based on these physical property values, 
the material can be molded and processed using a variety of 
processing method. 
[0016] 

Manufacturing methods 

The porous nano material polymer composite according to the 
invention is characterized in that the polymer molecules 
penetrate into and adjacent to the nanometer order holes of the 
nano' material to form a network structure. It was completely 
impossible to manufacture the microst ructure as above by any 
of existing manufacturing methods. 
[0017] 

The manufacturing method according to the invention comprises 
mixing a nano material and monomer under appropriate 
supercritical fluid condition, impregnating the monomer in 
nanometer order holes of the nano material, polymerizing the 
monomer in situ under the same supercritical condition, having 
the resulting polymer penetrate into the nanometer order holes 
of the nano material, to form network structure. 
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[0018] 

There is no particular restriction on the type and condition 
of the supercritical fluid used in the invention. Appropriate 
fluid and condition can be selected based on the properties of 
the nano material and polymer (monomer), and combination 
thereof used in the invention. Preferably, carbon dioxide 
<scC0 2 ) or ethane can be used as a supercritical fluid. Carbon 
dioxide is more preferable . There is no particular restriction 
on the supercritical conditions. Data on particular fluid can 
be preferably referred. 
[0019] 

There is no particular restriction on a reaction container to 
be used in the invention. Ordinary type high-pressure reaction 
vessel is applicable . To the vessel, necessary amount of carbon 
dioxide can be introduced, monomer can be introduced under 
supercritical condition, and the carbon dioxide and the monomer 
can be mixed at appropriate temperature for appropriate 
duration . These temperature and duration can be selected based 
on the properties of the nano materials and polymer (monomer) , 
and combination thereof used in the invention. 
[0020] 

There is no particular restriction on impregnation conditions 
(pressure, temperature, duration) to be used in the invention. 
The conditions can be selected based on the combination of the 
inorganic nano materials and the monomer to be used. When fluid 
is one of carbon dioxide, nano silica, or methyl methacrylate, 
preferable impregnation conditions (pressure, temperature, 
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duration) are 0.5-20 MPa, about 80 °C, and about 2 4 hours. 
[0021] 

Furthermore, there is no particular restriction on the 
condition of polymerization. Any polymerization conditions 
usable in the selected supercritical fluid and supercritical 
conditions (temperature, pressure) can be selected 
appropriately . 

Preferably, radical polymerization can be performed under 
presence of a radical polymerization initiator which can start 
reaction at appropriate temperature. When fluid is one of 
carbon dioxide, nano silica, or methyl methacrylate, preferable 
polymerization conditions (temperature, pressure, 
polymerization initiator, reaction time) are 80 °C, 7.5 MPa, 
AIBN, and 24 hours. 
[0022] 

As a work-up of polymerization, the fluid is removed, the 
resulting polymer is filtered, and the polymer can be refined 
by removing monomer and polymer polymerized in the 
supercritical fluid using a suitable solvent. The solution in 
which the polymer is dissolved can be added to insoluble solvent 
to precipitate the polymer. 
[0023] 

Next, the detail of the invention will be described with 
reference to specific embodiments. 
[0024] 
Example 1 

Manufacturing of PMMA/nano silica (5 wt%) hybrid 
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(PMMA/Si0 2 (RX50) (scC0 2 )) using supercritical carbon dioxide 

(scC0 2 ) 

[0025] 

As nano silica, commercially available aerosil by Japan Aerosil 
Co., Ltd. (hydrophobic AEROSIL (RX50) hexamethyldisilazane 
treated, average primary particle diameter 40 nm) was used. 
[0026] 

Methyl methacrylate (MMA) 3.0 g as monomer, dry nano silica 
(RX50) 0.15 g, and a radical initiator 

a, a ' -azobisisobutyronit rile (AIBN) 0.0492 g were added in a 
supercritical reaction cell (volume 50 ml), agitated and 
impregnated at 40 °C under C0 2 4 MPa for one hour. Temperature 
of the reaction cell was kept at 80 °C for polymerization under 
predetermined pressure for 24 hours. After reaction, the 
resulting reaction mixture was dissolved in acetone 100 ml, and 
dropped into hexane 300 ml. The resulting white sediment was 
filtered and collected, and dried under reduced pressure (40 °C) 
until reaching to a constant weight. 
[0027] 
Example 2 

Manufacturing of PMMA/nano silica (5 wt%) hybrid (PMMA/Si0 2 
(RX50) (Toluene) ) using toluene solvent 
[0028] 

MMA 3.0 g and dry nano silica 0.15 g, AIBN 0.0492 g, and toluene 
10 ml were added in a reaction container, and reacted under 
nitrogen atmosphere (normal pressure) at 80 °C for 24 hours. 
[0029] 
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After reaction, the reaction mixture was dropped into hexane 
200 ml . The resulting white sediment was filtered and collected, 
and dried under reduced pressure (40 °C) until reaching to a 
constant weight. 
[0030] 
Example 3 

Manufacturing of blend (PMMA/Si0 2 (RX50 ) (Blend)) of PMMA/nano 
silica (5 wt%) hybrid (PMMA/Si0 2 ) using toluene solvent 
[0031] 

(1) PMMA 1.0 g of number average molecular weight 16.0 x 10 4 
polymerized in the experiment procedure (in scC0 2 ) of embodiment 
1, and dry nano silica 0.05 g were added into solvent toluene 
3.3 ml, and agitated for 24 hours at room temperature. 
[0032] 

After reaction, the reaction mixture was dropped into hexane 
100 ml, and precipitated. 

The resulting white sediment was filtered and collected, and 
dried under reduced pressure (40 °C) until reaching to a 
constant weight. 
[0033] 

(2) PMMA 1.0 g of number average molecular weight 5.57 x 10 4 
polymerized in the experiment procedure (in toluene solvent) 
of embodiment 2, and dry nano silica 0.05 g were added into 
solvent toluene 3.3 ml, and agitated for 24 hours at room 
temperature . 

[0034] 

After reaction, the reaction mixture was dropped into hexane 
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100 ml, and precipitated. 

The resulting white sediment was filtered and collected, and 
dried under reduced pressure (40 °C) until reaching to a 
constant weight . 
[0035] 
Example 4 

Manufacturing of PMMA/nano silica (5 wt%) hybrid 
(PMMA/Si0 2 (RX50) (Toluene-scC0 2 ) using solvent comprising 
scC0 2 and solvent toluene (2.5 ml, 5 ml, 10 ml toluene was used) 
[0036] 

MMA 3.0 g, dry nano silica 0 . 15 g, toluene 10 ml, and AIBN 0 . 04 92 
g were added in a supercritical reaction cell (volume 50 ml), 
agitated and impregnated at 40 °C under C0 2 4MPa for one hour, 
then polymerized at 80 °C under predetermined pressure for 24 
hours. After reaction, the reaction mixture was dissolved in 
acetone 100 ml, and dropped into hexane 300 ml. The resulting 
white sediment was filtered and collected, and dried under 
reduced pressure (40 °C) until reaching to a constant weight. 
[0037] 
Result 1 

Table 1, and Figs. 1 and 2 show the molecular weight (Mn) , 
molecular weight distribution (Mw/Mn) , yield (%), nano silica 
content (observed content and calculated content wt%) , TG 
measurement curve and DMA measurement curve of PMMA 
manufactured without nano silica under experiment conditions 
used in embodiment 1, and those of hybrids containing nano 
silica 5 wt% manufactured according to embodiments 1 and 3 (1) . 
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[0038] 
Table 
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[0039] 

As can be seen in the table and figures, MMA was impregnated 
and polymerized in silica by the effect of scC0 2 and PMMA was 
generated. 
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[0040] 

Tables 2 and 3, and Figs. 3, 4 and 5 show the molecular weight 
(Mn), molecular weight distribution (Mw/Mn) , yield (%) , nano 
silica content (observed content and calculated content wt%) , 
TG measurement curve and DMA measurement curve of PMMA 
manufactured without nano silica under experiment conditions 
used in embodiment 1, and those of hybrids containing nano 
silica 5 wt% manufactured according to embodiments 2, 3 (2) and 
4 . 

[0041] 
Table 2 
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[0042] 
Table 3 
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[0043] 

As can be seen in the tables and figures, when comparing the 
physical properties between different hybrids having Mn about 
50,000, the hybrid manufactured using scC0 2 has physical 
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properties superior to those of the hybrid manufactured in 
toluene solvent. Therefore, it can be understood that MMA was 
impregnated and polymerized in mesopores of silica by the effect 
of scC0 2 and PMMA was generated. 
[0044] 
Example 5 

Manufacturing of PMMA/nano silica (50 wt%) hybrid 
(PMMA/Si0 2 (RX50) (scC0 2 ) ) using scC0 2 
[0045] 

Methyl methacrylate (MMA) 3.0 g as monomer, dry nano silica 
(RX50) 1.5 g, and a radical initiator 

a, a 1 -azobisisobutyronitrile (AIBN) 0.0492 g were added in a 
supercritical reaction cell (volume 50 ml), agitated and 
impregnated at 40 °C under C0 2 4MPa for one hour. The mixture 
was polymerized at 80 °C under predetermined pressure for 24 
hours. After reaction, the reaction mixture was dissolved in 
acetone 100 ml, dropped into hexane 300 ml. The resulting white 
sediment was filtered and collected, and dried under reduced 
pressure (40 °C) until reaching to a constant weight. 
[0046] 
Example 6 

Manufacturing of PMMA/nano silica (50 wt%) hybrid (PMMA/Si0 2 
(RX50) Toluene) using solvent toluene 
[0047] 

MMA 3.0 g, dry nano silica 1.5 g, AIBN 0.0492 g and toluene 10 
ml were added in a reaction container, and reacted under 
nitrogen atmosphere (normal pressure) at 80 °C for 24 hours. 
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[0048] 

After reaction, the reaction mixture was dropped into hexane 
200 ml . The resulting white sediment was filtered and collected, 
and dried under reduced pressure (40 °C) until reaching to a 
constant weight. 
[0049] 
Example 7 

Manufacturing of blend (PMMA/Si0 2 (RX50) Blend) of PMMA/nano 
silica (50 wt%) hybrid (PMMA/Si0 2 ) using toluene solvent 
[0050] 

(1) PMMA 1.0 g of number average molecular weight 5.17 x 10 4 
polymerized in the experiment procedure (in toluene solvent) 
of embodiment 2, and dry nano silica 0 . 5 g were added into solvent 
toluene 3.3 ml, and agitated for 24 hours at room temperature. 
[0051] 

After reaction, the reaction mixture was dropped into hexane 
100 ml, and precipitated. 

The resulting white sediment was filtered and collected, and 
dried under reduced pressure (40 °C) until reaching to a 
constant weight. 
[0052] 

(2) PMMA 1.0 g of number average molecular weight 15.8 x 10 4 
polymerized in the experiment procedure (in scC0 2 ) of embodiment 
1, and dry nano silica 0.5 g were added into solvent toluene 
3.3 ml, and agitated for 24 hours at room temperature. 

[0053] 

After reaction, the reaction mixture was dropped into hexane 
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100 ml, and precipitated. 

The resulting white sediment was filtered and collected, and 
dried under reduced pressure (40 °C) until reaching to a 
constant weight. 
[0054] 
Example 8 

Manufacturing of PMMA/nano silica (50 wt%) hybrid (PMMA/Si0 2 
(RX50) scC0 2 -Toluene) using solvent comprising scC0 2 and 
solvent toluene 
[0055] 

MMA 3.0g, dry nano silica 1.5 g, toluene 10 ml, and AIBN 0 . 04 92 
g were added in a supercritical reaction cell (volume 50 ml), 
agitated and impregnated at 40 °C under C0 2 4 MPa for one hour. 
The mixture was polymerized at 80 °C under scC0 2 10 MPa for 24 
hours. After reaction, the reaction mixture was dissolved in 
acetone 100 ml, and dropped into hexane 300 ml. The resulting 
white sediment was filtered and collected, and dried under 
reduced pressure (40 °C) until reaching to a constant weight. 
[0056] 
Result 2 

Table 4, and Figs. 6 and 7 show the molecular weight (Mn) , 
molecular weight distribution (Mw/Mn) , yield (%) , nano silica 
content (observed content and calculated content wt%) , TG 
measurement curve and DMA measurement curve of PMMA 
manufactured without nano silica under experiment condition 
used in embodiment 5, and those of hybrids containing nano 
silica 50 wt% manufactured according to embodiments 5 and 7 (2) . 
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[0057] 
Table 4 
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[0058] 

As can be seen in the table and figures, the hybrid manufactured 
with silica 50 wt% added has improved physical properties . Even 
with increased content of silica, MMA was impregnated and 
polymerized in mesopores of silica by the effect of scC0 2 and 
PMMA was generated. 
[0059] 

Table 5, and Figs. 8 and 9 show the molecular weight (Mn) , 
molecular weight distribution (Mw/Mn) , yield (%) , nano silica 
content (observed content and calculated content wt%) , TG 
measurement curve and DMA measurement curve of PMMA 
manufactured without nano silica under experiment condition 
used in embodiment 5, and those of hybrids containing nano 
silica 10 wt% manufactured according to embodiments 6, 7 (1) and 
8. 

[0060] 
Table 5 
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[0061] 

As can be seen in the table and figures, the hybrid manufactured 
with silica 50 wt% added has improved physical properties . When 
comparing the physical properties between different hybrids 
having Mn about 50, 000, the hybrid manufactured using scC0 2 has 
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physical properties superior to those of the hybrid 

manufactured in toluene solvent. Therefore, it can be 

understood that MMA was impregnated and polymerized in 

mesopores of silica by the effect of scC0 2 and PMMA was 

generated. 

[0062] 

Example 9 

Manufacturing of PMMA/ alumina (5 wt%) hybrid (PMMA/A1 2 0 2 (33 
nm) (scC0 2 ) ) using scC0 2 

Methyl methacrylate (MMA) 3.0 g as monomer, alumina 0.15 g, and 
radical initiator a, a ' -azobisisobutyronitrile (AIBN) 0.0492 g 
were added in a supercritical reaction cell (volume 50 ml), 
agitated and impregnated at 40 °C under C0 2 4 MPa for one hour. 
The mixture was polymerized at 80 °C under predetermined 
pressure for 24 hours. 
[0063] 

After reaction, the reaction mixture was dissolved in acetone 
100 ml, and dropped into hexane 300 ml. The resulting white 
sediment was filtered and collected, and dried under reduced 
pressure (40 °C) until reaching to a constant weight. 
[0064] 
Example 10 

Manufacturing of PMMA/alumina (5 wt%) hybrid (PMMA/A1 2 0 2 (33 
nm) (Toluene) ) using solvent toluene 

MMA 3.0 g, alumina 0.15 g, AIBN 0.0492 g and toluene 10 ml were 
added into a reaction container, and reacted under nitrogen 
atmosphere (normal pressure) at 80 °C for 24 hours. 
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[0065] 

After reaction, the reaction mixture was dropped into hexane 
200 ml . The resulting white sediment was filtered and collected, 
and dried under reduced pressure (40 °C) until reaching to a 
constant weight. 
[0066] 
Example 11 

Manufacturing of blend (PMMA/A1 2 0 2 (33 nm) (Blend)) of 
PMMA/alumina (5 wt%) hybrid (PMMA/A1 2 0 2 ) using toluene 
Similar to embodiment 9, PMMA 1 . 0 g of number average molecular 
weight 16.0 x 10 4 polymerized in scC0 2 and dry nano alumina 0.05 
g were added into solvent toluene 3.3 ml, and agitated for 24 
hours at room temperature. 
[0067] 

After reaction, the reaction mixture was dropped into hexane 
100ml and precipitated. The resulting white sediment was 
filtered and collected, and dried under reduced pressure (40 °C) 
until reaching to a constant weight. 
[0068] 

Similar to embodiment 11, PMMA 1 . 0 g of number average molecular 
weight 5 . 57 x 10 4 polymerized in toluene solvent and dry alumina 
0.05 g were added into solvent toluene 3.3 ml, and agitated for 
24 hours at room temperature. 
[0069] 

After reaction, the reaction mixture was dropped into hexane 
100 ml and precipitated. The resulting white sediment was 
filtered and collected, and dried under reduced pressure (40 °C) 
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until reaching to a constant weight. 

[0070] 

Example 12 

Manufacturing of PMMA/alumina (5 wt%) hybrid (PMMA/A1 2 0 2 (33 
nm) (Toluene-scC0 2 ) ) using solvent comprising scC0 2 and solvent 
toluene 

MMA 3.0 g, alumina 0.15 g, toluene 10 ml, and AIBN 0.0492 g were 
added in a supercritical reaction cell (volume 50 ml) , agitated 
and impregnated at 40 °C under C0 2 4 MPa for one hour. The 
mixture was polymerized at 80 °C under predetermined pressure 
for 24 hours. 
[0071] 

After reaction, the reaction mixture was dissolved in acetone 
100 ml, and dropped into hexane 300 ml. The resulting white 
sediment was filtered and collected, and dried under reduced 
pressure (40 °C) until reaching to a constant weight. 
[0072] 

The results of resulting PMMA/alumina hybrids were summarized 
in Tables 6 and 7. 
[0073] 
[Table 6] 
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[0074] 
Table 7 
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[0075] 

Industrial Applicability 

As described above, the polymer /nano silica (alumina) hybrid 
material according to the invention is prepared by impregnating 
monomer in the nanometer order holes of a nano material by 
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supercritical carbon dioxide fluid, and by polymerizing it in 
situ. Therefore, the polymer composite has a network structure 
in which polymers penetrate in nano pores. 
[0076] 

Therefore, the material has utterly novel properties such as 
high clarity, high heat-resistance, and high hardness. 
[0077] 

The novel material features remarkably excellent properties 
which have not been predicted from the physical properties of 
the conventional materials known in the art . As such, the novel 
material can solve many outstanding problems which have not long 
been solved in the existing polymer composites (general polymer 
material) . 
[0078] 

The material according to the invention has wide applications 
in various technical fields including, home appliances, 
electronics, automobiles, architecture, optics, aerospace 
instruments, and many other fields. Therefore, the material 
will have high marketability. 
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